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Abstract
Traumatic brain injury (TBI) is characterized by a change in brain function after an external
force or sudden movement to the head. TBI is associated with risk-taking, impulsivity, psy-
chological distress, substance abuse, and violent crime. Previous studies have also linked
problem gambling to TBI, but these studies have not controlled for possible confounding var-
iables such as mental health problems and hazardous drinking which are also linked to TBI.
This study examines the relationship between problem gambling and TBI among adoles-
cents. Data were obtained from the 2011, 2013 and 2015 cycles of the OSDUHS, a biennial
cross-sectional school-based study of children in grades 7 to 12 (N = 9,198). Logistic regres-
sion was used to estimate adjusted odds ratios (AOR) in controlled and uncontrolled analy-
ses. Adjusting for sex and grade only, problem gambling was associated with a history of
TBI (AOR = 2.8). This association remained significant after adjusting for hazardous drink-
ing and suicidality (AOR = 2.0). In addition, problem gambling had a statistically significant
relationship with being male (AOR = 4.7), hazardous drinking (AOR = 4.5), and suicidality
(AOR = 3.1). This study provides further data to suggest a link between TBI and problem
gambling. However, research is needed on the causal relationship between these variables
and the potential implications for treatment and prevention.
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Introduction
Studies of gambling among adolescents have found that despite legal restrictions many adoles-
cents report participating in gambling [1–4]; most often private bets and card games [5]. Prob-
lem gambling among adolescents can seriously affect adolescents’ social, family, academic, and
financial lives A recent study [6] reported that 1% of secondary students fell into the “red” cat-
egory on the Canadian Adolescent Gambling Index (CAGI) indicating that they scored in the
range of a severe gambling problem and an additional 3.3% of students scored in the “yellow”
category indicating that they had a subclinical level of symptoms. In addition, research has
shown that most male severe problem gamblers report starting gambling during adolescence
[7–9].
A variety of social and individual risk factors have been found to be associated with prob-
lem gambling including being male, using alcohol and drugs, anxiety, depression, poor grades,
delinquency, poor decision making, antagonism, disinhibition, and suicidal thoughts [1, 2,
10–16]. Additional understanding of the factors that put people at risk for a gambling problem
is necessary for preventing and treating this disorder. Another potential risk factor that may be
linked to problem gambling is Traumatic Brain Injury (TBI) [17].
Traumatic Brain Injury (TBI) is caused by a blow to the head by an external force, or sud-
den movement, that can lead to serious long-term consequences [18–20]. TBI is a common
form of injury that can result in changes in behavior, emotion and/or cognitive function [27–
29]. Individuals reporting past TBI are also more likely to report substance misuse, aggressive
behaviors, and mental health and substance use problems [21–24]. Given the relationships of
TBI with alcohol consumption, other substance use, and mental health problems [21, 23, 25],
it seems plausible that adolescent TBI may also be related to problem gambling. An emerging
literature with adults supports this view. Whiting et al. [26], for example, observed that in a
sample of 738 American veterans, TBI was significantly correlated with problem gambling. In
a community derived sample of 104 problem gamblers, Hodgins and Hollub [27] found that
nearly half reported experiencing a TBI in their lifetime. Similarly, Turner et al. [17] found
that people who reported experiencing one or more TBIs in their lifetime had more than 3
times the odds of also reporting having problems with gambling [17]. The link between TBI
and problem gambling remained statistically tenable after controlling for hazardous drinking
and psychological distress [17]. Similarly, a recent case-control study by Bhatti et al. [28]
found that prior TBI was a significant predictor of subsequent gambling problems, particularly
among middle-aged men, those who reported alcohol or tobacco use, and those who experi-
enced multiple TBIs. The link between TBI and gambling is also supported by recent neurolog-
ical research [29] and animal research [30].
However, we did not find any study that examined the association between problem gam-
bling and TBI in an adolescent sample. This is surprising given the evidence suggesting that
TBIs are common among adolescents [31], that problem gambling may have origins in the
adolescent years [7, 9], and that TBI and gambling share a number of comorbidities (e.g., sub-
stance abuse, depression). Interestingly we did find reports of poor performance on gambling-
based decision making tasks in adults [29, 30] and in youth [32], and gambling is mentioned
as a potential barrier for the treatment of TBI [33]. Studies of TBI have shown that it is associ-
ated with impulsiveness and a variety of negative mental health outcomes including depres-
sion, anxiety, suicidal ideation and substance abuse [22, 25, 34], many of which are also
comorbid with problem gambling [13–15, 35].
The current study examined the association between TBI and problem gambling in a popu-
lation-based sample of secondary school students from Ontario, Canada. To our knowledge,
this study is the first to examine the association between problem gambling, hazardous
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drinking, suicidal ideation, and TBI in a population-based study of youth. Because of the
comorbidity between problem gambling, hazardous drinking and suicidal ideation [14] on the
one hand, and TBI, hazardous drinking and suicidal ideation [22, 25] on the other hand, we
conducted an analysis of TBI as a predictor of gambling problems controlling for hazardous
drinking and suicidal ideation. This allowed us to determine if there is a direct link between
TBI and gambling or if it is merely a result of overlapping comorbidities.
Materials and methods
Sample
The data for the current study were derived from a subsample of secondary school (grades
9–12) students from the 2011, 2013 and 2015 cycles of the Ontario Student Drug Use and
Health Survey (OSDUHS), a repeated cross-sectional population survey of students from
Ontario, Canada. Given the relative infrequency of problem gambling among secondary
school students, we leveraged the repeated structure of the OSDUHS and merged these three
waves of survey data to increase statistical power. These waves were selected because they con-
tained the same questions for demographics, gambling problems, TBI, hazardous drinking,
and suicidality. At each survey wave, a random half-sample of participating students were
asked questions about their head injuries and gambling problem behaviors. The total sample
size was 9,198 secondary school students (52.0% female), with a mean age of 15.8 years (range:
11–20; SD = 1.26), and 98.9% between the ages of 14–18. Each wave of the survey received eth-
ics approval from the Research Ethics Boards of York University and the Centre for Addiction
and Mental Health (Protocols:#062/2010 for OSDUHS 2011,: #068/2012 for OSDUHS 2013,
and #018/2014 for OSDUHS 2015). All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later amendments includ-
ing informed consent and confidentiality of all personal information. An active consent
method was used. A description of the study and a consent form was sent home with the stu-
dents. To participate in the survey, written parental consent and written student assent were
required.
Measures
Demographic variables included sex (male = 1, female = 0) and grade level (grades 9, 10, 11,
12). We control for the effects of grade level and sex in the analysis models.
Problem gambling. The OSDUHS used a shortened version of the South Oaks Gambling
Screen Revised for Adolescents (SOGS-RA [36]), referred to as the short SOGS, to assess prob-
lem gambling behavior in 2011, 2013, and 2015. The 6-items in the short SOGS were selected
to maximize the content and variance of the full SOGS-RA with a minimum number of items
[37]. Receiver operating characteristics determined that a cut-off score of 2 on the short SOGS
corresponded with a cut-off of 4 on the full SOGS-RA [14, 37]. In addition, a recent study by
Turner found that the cut off of 2 on the Short SOGS was equivalent to the red or severe cate-
gory on the CAGI [6]. In the current study, a score of two or more on the short SOGS was
therefore used to indicate the presence of problem gambling (0 = no, 1 = yes).
Traumatic brain injury (TBI). TBI was assessed through the following question: “We are
interested in any head injury that resulted in you being unconscious (knocked out) for at least
5 minutes, or you had to stay in the hospital for at least 1 night because of it. Did you have this
type of head injury in your life?” Responses were recoded to create a binary lifetime TBI mea-
sure (0 = no, 1 = yes). This definition of lifetime TBI is consistent with the diagnostic criteria
outlined in the Diagnostic and Statistical Manual of Mental Disorders, 5th edition [38] and has
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been used previously in other research studies [20, 39, 40]. This is a preliminary measure at the
population level, and excludes milder injuries when the person lost consciousness for less than
5 minutes.
Hazardous drinking. The OSDUHS included the Alcohol Use Disorders Identification
Test (AUDIT), which was developed by the World Health Organization [41]. This 10-item
instrument is designed to detect hazardous or harmful drinking behavior. Those with a score
of 8 or higher out of a maximum of 40 are considered to be drinking at a hazardous or harmful
level. The AUDIT has strong internal consistency and test-retest reliability and considered to
be a valid measure of alcohol related problems [42]. The AUDIT items focus on the frequency,
volume, and pattern of alcohol consumption, as well as adverse consequences associated with
drinking and indicators of dependence. Most of the questions are oriented towards the past
12-months. For the current analysis the AUDIT was dichotomized into those scoring 8 or
more indicating hazardous or harmful level of drinking and those not reporting such risky
behavior (coded 0 = no hazardous drinking, 1 = hazardous drinking).
Suicidality. The students were asked 2 questions about suicide behaviors. Specifically,
they were asked: “In the past 12 months. . . (1) did you ever seriously consider attempting
suicide; (2) did you ever actually attempt suicide?” Response options to both questions were
yes or no, and students were considered to have exhibited suicidal thought if they responded
yes to either one of these questions (0 = no; 1 = suicide ideation and/or attempt). Both ques-
tions are taken from the Centre for Disease Control’s Youth Risk Behavior Survey and have
been validated among student populations [43]. Note because of a review comment, we re-
ran the analysis with suicide attempts as the independent variable as a type of sensitivity
analysis. We found very similar results which are reported in supplementary files (see S1
Table) but kept suicide ideation because we believe this to be an important construct in our
research.
Analysis
Our sample of 9,198 respondents was well-distributed among the 31 strata across 320 popula-
tion sampling units, with subclass observations ranging from 125 to 690 across strata. The
OSDUHS employs a stratified (region by school level) two-stage (school, class) cluster design,
therefore, variables accounting for the probability of selection, stratification, and clustering are
used when analyzing the data. Weights were applied to ensure that the sample distribution
reflected that of the Ontario student population [44–46].
All statistical analyses were completed using Stata 16.1 [47]. Weighted means and percent-
ages were calculated for descriptive statistics, and adjusted chi-square tests were used for bivar-
iate analyses. The complex sampling includes some violations of independence of observations
due to disproportionate stratification, correlated clusters and diverse inclusion weights, which
will result in an underestimate of variances if treated as simple random sampling. To adjust for
the complex design we used the SVY command available in STATA which employs weighted
(or pseudo) maximum likelihood estimation to compute point estimates and Taylor Series
Linearization (a robust nonparametric estimator) to compute variances and confidence inter-
vals [48–50]. Odds ratios (OD) and adjusted odds ratios (AOR) from a series of design-based
logistic regression models were used to examine the factors associated with gambling problems
among our subpopulation of secondary school students from Ontario. Models controlled for
the potential confounding effects of demographic factors, hazardous drinking, and suicidality.
Interaction effects were estimated between TBI and hazardous drinking and TBI and suicidal-
ity to determine whether the association between TBI and problem gambling was moderated
by these variables.
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Results
A total of 1.3% (95% CI: 1.0%-1.7%) of secondary students sampled met the criteria for a gam-
bling problem. Table 1 presents the socio-demographic characteristics for the combined sam-
ple and separately based on disordered gambling behavior. Secondary students with problem
gambling were more likely to be male (Wald F (1, 298) = 14.47, p<0.001) and report hazardous
drinking (Wald F (1, 298) = 54.71, p<0.001). Among problem gamblers, more than half
reported hazardous drinking behavior according to their scores on the AUDIT (8 and above).
Problem gambling was also associated with suicidal behaviors (Wald F (1, 298) = 18.16,
p<0.001), as one third of secondary school problem gamblers reported suicidal ideation and/
or attempts during the past twelve months. Traumatic brain injuries were reported by approxi-
mately 20% of secondary students without a gambling problem. This was significantly higher
for secondary school students with gambling problems, as more than 40% reported a lifetime
history of TBI (Wald F (1, 298) = 11.92, p<0.001).
Table 2 presents results from the logistic regression models examining factors associated
with problem gambling. All odds ratios are adjusted for sex and grade level. We estimated 3
nested models: Model 1 included TBI (AOR 2.80; 95% CI: 1.43–5.48); Model 2 removed TBI
and added hazardous drinking (AOR 5.04; 95% CI:2.79–9.11) and suicidality (AOR 3.27; 95%
CI: 1.75–6.11); Model 3 include all of these variables. Although grade was not statistically sig-
nificant in any of the models, sex was significantly associated with problem gambling in each
model (Model 1: AOR = 3.68; Model 2: AOR = 4.94). In Model 3, which adjusted for all vari-
ables, the odds of male students having a gambling problem was 4.7 times that of female stu-
dents (95% CI: 2.18–10.23).
Table 1. Socio-demographic characteristics of the Ontario secondary students, by gambling problem status, OSDUHS 2011–2015, Ontario Canada, (N = 9,198).
Total Sample Non problem (0–1) Problem (2+) Sig.
% (95% CI) % (95% CI) % (95% CI)
Sex ���
Female 52.0 (49.6–54.4) 49.4 (46.8–52.0) 21.3 (11.9–35.4)
Male 48.0 (45.7–50.4) 50.6 (48.0–53.3) 78.7 (62.6–88.1)
Grade NS
Grade 9 22.2 (21.3–23.2) 22.5 (21.5–23.6) 11.9 (6.4–21.1)
Grade 10 22.6 (21.7–23.5) 22.5 (21.5–23.5) 22.1 (12.7–35.7)
Grade 11 23.5 (22.7–24.2) 23.3 (22.5–24.2) 33.6 (21.0–49.1)
Grade 12 31.7 (30.3–33.2) 31.7 (30.2–33.2) 32.4 (20.7–46.8)
Lifetime TBI ���
Yes 20.8 (19.6–22.1) 19.5 (18.0–21.0) 41.5 (27.1–57.5)
No 79.2 (77.9–80.4) 80.5 (79.0–82.0) 58.5 (42.5–72.9)
Hazardous Drinking ���
AUDIT = > 8 21.1 (19.6–22.7) 20.6 (19.1–22.1) 57.5 (45.3–68.9)
AUDIT < 8 78.9 (77.3–80.4) 79.4 (77.9–80.9) 42.5 (31.2–54.7)
Suicidal thoughts / attempts ���
Yes 13.2 (12.2–14.2) 12.9 (12.0–13.9) 33.1 (21.6–46.9)
No 86.8 (85.8–87.8) 87.1 (86.1–88.0) 66.9 (53.1–78.4)
Note: All percentages, point estimates and 95% confidence intervals reflect weighted estimates correcting for the sampling design
� p<0.05
�� p<0.01
��� p<0.001.
https://doi.org/10.1371/journal.pone.0239661.t001
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In model 3, the effect of TBI was still significant (AOR 2.02; 95% CI:1.06–3.88), although
the odds ratio was reduced from Model 1. The association of both hazardous drinking (AOR
4.48; 95% CI: 2.56–7.83) and suicidality (AOR 3.11; 95% CI: 1.66–5.84) with problem gambling
was also reduced slightly. In addition, we tested for interaction effects between TBI and suicid-
ality and TBI and hazardous drinking. Neither interaction was statistically significant (results
available upon request).
Discussion
The primary objective of this study was to examine the association between TBI and problem
gambling among a population-based sample of secondary school students from Ontario, Can-
ada. Consistent with recent research among adults [17], we found that students with a history
of TBI had 2 times the odds of a gambling problem compared to those without TBI, after con-
trolling for hazardous drinking and suicidality. These findings provide additional support for
an association between TBI and gambling problems, and extend this observation to the adoles-
cent population [26–28, 51].
While the unadjusted odds ratio indicated a strong relationship between problem gambling
and lifetime TBI, this relationship may have been due to common underlying covariates. Con-
trolling for hazardous drinking was therefore important because hazardous drinking has been
previously shown to be related to TBI [21, 22, 39] and to problem gambling [2, 52, 53]. As well,
controlling for suicidality was relevant because previous research has also shown that suicidal
ideation and behavior were linked with TBI [22, 54] and with excessive/pathological or prob-
lematic gambling [14, 55, 56]. The results suggest that there is an association between TBI and
problem gambling, which is not fully explained by hazardous drinking or suicidality. The lack
of interactions also suggests that the association does not vary by one of these confounding
variables.
We also observed that adolescent problem gambling was significantly associated with
increased suicidality, which is consistent with previous studies with adolescent samples [14,
56, 57]. Similarly consistent with previous research, adolescent problem gambling was also sig-
nificantly associated with hazardous or harmful drinking [11–13, 15, 58, 59]. These findings
highlight the importance, for prevention and intervention efforts, of recognizing the comor-
bidity of problem gambling with other mental health and substance problems in adolescent
populations. They also support the validity of theoretical models that highlight the clustering
of gambling and other problem behaviors in adolescence [60, 61].
There may be several possible explanations for the association between problem gambling
and TBI including injury to particular parts of the brain such as the frontal lobes [62], underly-
ing biological causes, or shared personality factors [17, 63–65]. It could also be that dispute
over gambling outcomes has led to the injury. More research is needed to examine these
Table 2. Logistic regression model of self-reported problem gambling by demographic characteristics, lifetime traumatic brain injuries, hazardous drinking and
suicidal thoughts or attempts among secondary school students, OSDUHS 2011–2015, Ontario, Canada (N = 9,198).
Model 1 Model 2 Model 3
AOR 95% CI p AOR 95% CI P AOR 95% CI p
Male 3.68 1.68 8.07 ��� 4.94 2.31 10.55 ��� 4.73 2.18 10.23 ���
Grade 1.16 0.95 1.42 NS 0.95 0.74 1.22 NS 0.97 0.75 1.24 NS
Lifetime TBI 2.80 1.43 5.49 ��� 2.02 1.06 3.88 �
Hazardous Drinking 5.04 2.79 9.12 ��� 4.48 2.56 7.83 ���
Suicidal thoughts / attempts 3.27 1.75 6.11 ��� 3.11 1.66 5.84 ���
https://doi.org/10.1371/journal.pone.0239661.t002
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mechanisms, and longitudinal studies are needed to disentangle the temporal sequence of the
association between TBI and problem gambling.
Recognition of this association has important implications for prevention and treatment
[62]. In particular, given the devastating financial and interpersonal consequences that can
result from excessive gambling, physicians and other health care professionals who treat ado-
lescent patients with TBI should consider discussing problem gambling with their patients and
caregivers as a possible consequence of TBI. TBI rehabilitation should include attention to
why individuals cannot win at gambling and how to stay in control emotionally to help to
avoid experiencing the severe financial consequences of problem gambling. This is particularly
important given that TBI may impair attention, memory, and social functioning. Similarly,
problem gamblers should be asked about past TBI because the presence of such injuries may
suggest that the gambling treatment process needs to take into account the neuro-cognitive
and social consequences of the TBI. The association between TBI and problem gambling may
also help to explain why some problem gamblers have difficulties in responding to treatment
due to previously un-recognized neuro-cognitive and social deficits caused by prior TBI.
The results of the current study have important implications for understanding the link
between traumatic brain injury and problem gambling. TBI is associated with a large range of
mental health and addiction problems [22–24, 34, 66–68], which highlights the importance of
prevention and management efforts targeting psychiatric risks and outcomes related to TBI
[34]. According to Bryant et al. [24] about one-third of TBI survivors experience significant
mental health service needs as a result of depression, anxiety, and substance abuse. Public
health initiatives are needed to address the huge mental health burden associated with these
injuries [24]. New approaches are needed to identify emergent psychiatric disorders following
TBI so that early interventions can be applied and facilitate recovery [24]. The current study
suggests that problem gambling is an additional risk for this group. Mental health professionals
and others can play a critical role in system-level changes that will improve the treatment and
health outcomes of TBI in childhood and adolescence. Specifically, progress can be made
through education to individuals and to increased public awareness of the effects of TBI on
mental health. Advocacy for those who experience a TBI, and working towards more compre-
hensive clinical practice that takes into account the wide range of effects of TBI on mental
health including substance abuse and problem gambling are other important policy implica-
tions of our study and other studies [24, 34]. Chan et al. [33] argue for the need to integrate
care linking treatment for TBI with treatment of mental health and addictions which are cur-
rently not well coordinated. We also posit that the significant associations we have identified
support the need for sustained public health interventions to prevent the comorbid mental
health, TBI and addiction behaviors that are associated with problem gambling among
adolescents.
Limitations
This study is a cross-sectional study, and therefore it is not possible to determine the causal
relationships involved in the observed relationships. As noted, previous studies have reported
that compared to the general population, increased aggressiveness, impulsivity, risk-taking,
and poor mental health are associated with both gambling problems [64, 69–71] and TBI [21,
65, 72–76]. In terms of causal pathways it could be that (1) TBI leads to gambling problems or
vice versa, (2) both TBI and problem gambling stem from an underlying characteristic such as
impulsiveness, (3) the link between TBI and problem gambling is mediated by risk-taking,
hazardous drinking, suicidality, impulsivity, poor mental health, or other factors. Longitudinal
research is needed to clarify the nature of the causal pathways involved.
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Another limitation to the present study is that the OSDUHS did not obtain detailed infor-
mation on the severity of the injury, the part of the brain injured, or the temporal sequence of
the onset of problem gambling and the head injury. In addition, we did not include milder
forms of TBI. Also, because the data were based on self-report, the results may be subject to
bias resulting from self-reports such as potential errors in recalling details of injury. Finally,
the sample only includes non-institutionalized youth attending publicly funded schools which
might miss some of the more severe cases of TBI.
Conclusions
In this study we replicated previous research on the link between TBI and problem gambling
among adults [17], and extended the findings to an adolescent population. To our knowledge,
this is the first study to specifically focus on problem gambling and TBI in adolescence. Fur-
ther, this study demonstrates that the association between problem gambling and TBI is not
simply attributable to the comorbidity of gambling and risky alcohol use or suicidality. The
strong link between suicide ideation and problem gambling also replicates previous research
[14]. This link between injury to the brain and problem gambling may also advance our under-
standing of why some people are unable to control their gambling. These findings suggest that
it is important to target problem gambling prevention initiatives towards adolescents who
have experienced a TBI, and for those treating problem gamblers to consider the possible
effects of prior TBI in developing rehabilitation and treatment plans.
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